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(54) Multiple display apparatus 



(57) A multiple display apparatus for displaying an 
image with projection of a plurality of images from a plu- 
rality of image projecting means 1 0p. 1 0q onto a screen 
is disclosed. The plurality of image projecting means 



10p, 10q are disposed such that their images are pro- 
jected substantially from one point onto the screen 20. 
Thus it is possible to realize superior display quality with- 
out pronounced display in any overlap part. 
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Description 

[0001] This application claims benefit of Japanese 
Patent Application No. 1 1 -33 1 627 and 2000-72857 filed 
on November 22 : 1999 and March 15 ; 2000, respective- 
ly, the contents of which are incorporated by the refer- 
ence. 

[0002] The present invention relates to a multiple dis- 
play apparatus for displaying a single image on a screen 
by projecting a plurality of images thereonto and, more 
particularly, to a seamless multiple display apparatus, 
in which adjacent areas of a plurality of images projected 
onto a screen are overlapped. 

[0003] Fig. 13 is a schematic view showing a general 
construction example of a rear projection type seamless 
multiple display apparatus. 

[0004] The illustrated seamless multiple display ap- 
paratus in Fig. 1 3 has a plurality of (i.e., total number of 
9 = 3 x 3 ? 3 in horizontal (or X) direction and 3 in verlical 
(or Y) direction) liquid crystal projectors 10a to 10i dis- 
posed on the rear side of the screen 20. A single image 
is formed by images projected from the projectors 1 0a 
to 1 0i onto corresponding areas 20a to 20i on the screen 
20. 

[0005] In this seamless multiple display screen, an 
overlap part 21 is formed in adjacent parts of the images 
projected from the projectors 1 0a to 1 0i onto the screen 
20. A problem is thus posed in that the display in the 
overlap part 21 is brighter than in the other areas be- 
cause of the incidence of the light fluxes from two to four 
projectors. Another problem that may be encountered 
is a failure of projection of accurate image on the screen 
20 due to such distortion as percussions without accu- 
rate position relationship among the projectors 10a to 
10i. 

[0006] To prevent the above problems, Japanese Pat- 
ent Laid-Open No. 9-326981 proposes a method, in 
which an image is previously projected onto a screen by 
using a test signal and photographed with a digital cam- 
era, photograph data thus obtained is then corrected, 
and geometrical conversion, color correction and lumi- 
nance correction of an input signal are performed by us- 
ing the corrected data. 

[0007] The photographing by the digital camera is 
usually performed from the front of the screen. There- 
fore, a problem is posed that, watching the projected im- 
age in a direction deviated from the screen front (for in- 
stance in an oblique direction of an upward or downward 
direction), results in brightness difference in the overlap 
part from the other areas of the screen due to different 
directions of projection of the projectors and visual field 
angle characteristic of the screen, so that the display in 
the overlap part is pronounced. More specifically, as 
shown in Fig. 14, when observing image projected from 
the projectors 1 0u and lOv onto the screen, the light dos- 
es at points A and B are equal in the case of observation 
in front-ward direction D1 , but observation in oblique di- 
rection D2 results in that the point A is darker due to less 



light dose thereat than at the point B. 
[0008] As shown, the prior art seamless multiple dis- 
play apparatus has a problem that the display in an over- 
lap part of adjacent images is pronounced. 
5 [0009] The present invention was made in view of the 
above problems, and it has an object of providing a mul- 
tiple display apparatus featuring superior display quality 
without pronounced display in any overlap part 
[0010] According to an aspect of the present inven- 

10 tion, there is provided a multiple display apparatus for 
displaying an image with projection of a plurality of im- 
ages from a plurality of image projecting means onto a 
screen, wherein: the plurality of image projecting means 
are disposed such that their images are projected sub- 

* 5 stantially from one point onto the screen. 

[0011] According to another aspect of the present in- 
vention, there is provided a multiple display apparatus 
for displaying an image with projection of a plurality of 
images from a plurality of image projecting means onlo 

20 a screen, and the plurality of image projecting means 
are disposed such that their images are projected sub- 
stantially from one point onto the screen and adjacent 
areas of images projected from the plurality of image 
projecting means onto the screen overlap one another. 

25 [0012] According to other aspect of the present inven- 
tion, there is provided a multiple display apparatus for 
displaying an image with projection of a plurality of im- 
ages from a plurality of image projecting means onto a 
screen, wherein: the plurality of image projecting means 

30 are disposed such that their images are projected sub- 
stantially from one point onto the screen and the image 
projecting means include image emitting means for 
emitting light fluxes of images to be projected onto the 
screen and reflecting means for reflecting the projection 

35 light fluxes emitted from the image emitting means to- 
ward the screen. 

[0013] According to still other aspect of the present 
invention, there is provided a multiple display apparatus 
for displaying an image with projection of a plurality of 

to images from a plurality of image projecting means onto 
a screen, and the plurality of image projecting means 
are disposed such that their images are projected sub- 
stantially from one point onto the screen, adjacent areas 
of images projected from the plurality of image project- 

45 (ng means onto the screen overlap one another and the 
Image projecting means include image emitting means 
for emitting light fluxes of images to be projected onlo 
the screen and reflecting means for reflecting the pro- 
jection light fluxes emitted from the image emitting 

50 means toward the screen. 

[0014] Those of the plurality of image projecting 
means for projecting images onto the screen in the 
same row in horizontal direction are disposed horizon- 
tally, whereby images of light fluxes emitted from hori- 

55 zontally arranged predetermined image emitting means 
are projected via the reflecting means onto the screen 
in a predetermined area of the same row in horizontal 
direction; and those of the plurality of image projecting 
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means tor projecting images onto the screen in the 
same column in vertical direction are disposed vertically, 
whereby images of light fluxes emitted from vertically 
arranged predetermined image emitting means are pro- 
jected via the reflecting means onto the screen in a pre- 5 
determined area of the same column in vertical direc- 
tion. 

[0015] Those of the plurality of image projecting 
means for projecting images onto the screen in the 
same row in horizontal direction are disposed vertically.. io 
whereby images of light fluxes emitted from vertically 
arranged predetermined image emitting means are pro- 
jected via the reflecting means onto the screen in a pre- 
determined area of the same row in horizontal direction; 
and those of the plurality of image projecting means for is 
projecting images onto the screen in the same column 
in vertical direction are disposed vertically, whereby im- 
ages of light fluxes emitted from vertically arranged pre- 
determined image emitting means are projected via the 
reflecting means onto the screen in a predetermined ar- 20 
ea of the same column in vertical direction. 
[0016] An area of the reflecting means of an image 
projecting means, on which the light flux projected from 
an adjacent image projecting means onto the screen is 
partly incident, is constructed such as to transmit part of 25 
the incident light. 

[0017] According to further aspect of the present in- 
vention, there is provided a multiple display apparatus 
for displaying an image with projection of a plurality of 
images from a plurality of image projecting means onto 30 
a screen, wherein: the plurality of image projecting 
means are disposed such that their images are project- 
ed substantially from one point onto the screen, the plu- 
rality of image projecting means each include an image 
generating means for generating an image to be pro- 35 
jected onto the screen., and a lens provided between the 
Jmage generating means and the screen and those of 
the plurality of image projecting means, which do not 
regularly face the screen, are constructed such that the 
image surfaces of their image generating means are tilt- 40 
able in vertical direction with respect to the lens axis. 
[0018] According to still further aspect of the present 
invention, there is provided a multiple display apparatus 
for displaying an image with projection of a plurality of 
images from a plurality of image projecting means onto *s 
a screen, and the plurality of image projecting means 
are disposed such that their images are projected sub- 
stantially from one point onto the screen and adjacent 
areas of images projected from the plurality of image 
projecting means onto the screen overlap one another, so 
wherein: the plurality of image projecting means each 
include an image generating means for generating an 
image to be projected onto the screen, and a lens pro- 
vided between the image generating means and the 
screen Ij; and those of the plurality of image projecting ss 
means; which do not regularly face the screen, are con- 
structed-such that the image surfaces of their image 
generating means are tiltable in vertical direction with 



respect to the lens axis. 

[0019] In the focus adjustment of the images project- 
ed from the image projecting means onto the screen by 
adjusting the tilting angles of the image surfaces, no im- 
age is projected from the image projecting means adja- 
cent to the image projecting means under adjustment 
onto the screen. 

[0020] The multiple display apparatus further com- 
prises: detecting means for detecting a spatial frequen- 
cy from an image obtained by photographing the image 
projected onto the screen; a computing means for ob- 
taining the tilting angle of the image surface of the image 
generating means on the basis of the detection result 
by the detecting means; and a tilting control means for 
causing tilting of the image surface of the image gener- 
ating means on the basis of the tilting angle obtained by 
in the computing means. 

[0021 ] According to other aspect of the present inven- 
tion, there is provided a multiple display apparatus for 
displaying an image with projection of images from a 
plurality of image projecting means onto a screen, 
wherein: a light dose limiting means for limiting the light 
dose in an overlap area of the images projected from 
the plurality of image projecting means onto the screen : 
is provided between the image projecting means and 
the screen. 

[0022] The light dose limiting means has areas, in 
which transmitted light dose increases gradually from a 
point to another. 

[0023] Other objects and features will be clarified from 
the following description with reference to attached 
drawings. 

Fig. 1 is a schematic view showing the basic con- 
struction of the first embodiment of multiple display 
apparatus according to the present invention; 
Figs. 2A and 2B are schematic views showing a first 
construction example of the first embodiment: 
Figs. 3A to 3C are schematic views showing a sec- 
ond construction example of the first embodiment: 
Fig. 4 is a schematic view showing a third construc- 
tion example of the first embodiment; 
Fig. 5 is a schematic view showing the fourth con- 
struction example of the first embodiment; 
Fig. 6 is a view showing the scopes of projection of 
images from projectors onto screen in the fourth 
construction example; 

Fig. 7 is a drawing showing the correction means 
for correcting the trapezoidal distortion caused by 
the image projection onto the flat screen in the first 
embodiment according to the present invention; 
Fig. 8 is a schematic view showing the basic con- 
struction of the first embodiment of multiple display 
apparatus according to the present invention; 
Fig. 9 is a view showing the light dose limiting 
means in the second embodiment; 
Fig. 1 0 is a view showing the brightness distribution 
of the overlap portion in the second embodiment; 
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Fig. 1 1 is a view showing the brightness distribution 
of the projected light in the second embodiment; 
Fig. 12 shows a reflective multiple display appara- 
tus applicable to the second embodiment; 
Fig. 13 is a schematic view showing a general con- 
struction example of a multiple display apparatus; 
and 

Fig. 1 4 is a view for describing the problem of prior 
art multiple display apparatus. 

[0024] Preferred embodiments of the present inven- 
tion will now be described with reference to the draw- 
ings. 

[0025] Now, a first embodiment of the present inven- 
tion will be described with reference to drawings. 
[0026] Fig. 1 is a schematic view showing the basic 
construction of the first embodiment of seamless multi- 
ple display apparatus. The apparatus comprises a plu- 
rality of image projecting means (although liquid crystal 
projectors 10p and 10q being shown as image project- 
ing means , the apparatus actually comprises m x n im- 
age projecting means) disposed such that image is pro- 
jected substantially from one point onto a screen 20. 
[0027] With this arrangement of the plurality of image 
projecting means it is possible to have the projecting di- 
rections (or directivities) of the light fluxes to be substan- 
tially the same in overlap part 21 of adjacent images. It 
is thus possible to obtain a multiple display apparatus 
capable of reducing the brightness difference in the 
overlap part 21 (i.e. , making the light dose at point A and 
B in Fig. 21 to be equal) and ensuring excellent display 
quality free from pronounced display in the overlap part. 
Also f since image is projected substantially from one 
point onto the screen, it is possible to construct conform- 
ing Fresnel lens or renticular and increase the screen 
luminance. 

[0028] Figs. 2A and 2B are schematic views showing 
a first construction example of the embodiment. Like the 
case of Fig. 13, it is assumed that the number of the 
image projecting means provided is 3 x 3 = 9. (This 
number is assumed in other examples as well unless 
otherwise specified.) In Figs. 2A and 2B, the reference 
numerals correspond to those in Fig. 13. 
[0029] Fig. 2 A schematically shows an example of ar- 
rangement of image projecting means (i.e., projectors 
10d, 10e and 10f and reflectors lid and llf) for displaying 
images on the screen in the same row in the horizontal 
(i.e., X) direction. In the illustrated example, image pro- 
jecting means for displaying images of the central row 
are shown. Specifically, in this example the opposite 
side, i.e., left and right, projectors 1 0d and 1 0f, are tilted 
toward tho projector 10e, and light fluxes emitted from 
the projectors 1 0d and 10f are reflected by reflectors lid 
and llf such that the projected light fluxes from the indi- 
vidual image projecting means are generated substan- 
tially from one point. 

[0030] Fig. 2B schematically shows an example of ar- 
rangement of image projecting means (i.e., projectors 



1 0b, 1 0e and 1 0h and reflectors 11b and 11 ) for display- 
ing images on the screen in the same column in the ver- 
tical (i.e., Y) direction. In the illustrated example, image 
projecting means for displaying images of the central 
5 column are shown. Specifically, the upper and lower 
projectors 10b and 10h are tilted toward the projector 
1 0e, and light fluxes emitted from the projectors 1 0b and 
10h are reflected by reflectors 11b and llh such that the 
projected light fluxes from the individual image project- 
10 jng means are substantially generated from one point. 
[0031] The projectors 10a and 10c, like the projector 
10b, are tilted toward the projector 10e, and the projec- 
tors 10g and 10i, like the projector 10h ( are tilted toward 
the projector 1 0e. That is, as for the projectors 1 0a ; 1 0c, 
10g and 10i } two reflectors are used for reflection in the 
horizontal and vertical directions. 
[0032] In view of the attenuation of light doses by the 
reflectors, for image projecting means with less number 
of times of reflecting by reflector the light dose may be 
corrected by using such means as ND filter for correct- 
ing the brightness deviations among the individual im- 
age projecting means. 

[0033] As shown above, in this example nine image 
projecting means are arranged with the reflectors such 
that the images from them are projected substantially 
from one point onto the screen. It is thus possible to let 
the light be projected substantially in the same direction 
in the overlap part of adjacent images, and it is thus pos- 
sible to eliminate outstanding display in the overlap part. 
[0034] Figs. 3 A to 3C are schematic views showing a 
second construction example of the embodiment. 
[0035] Fig. 3A schematically shows image projecting 
means (i.e., projectors 10d, 10e and 1 0f and reflector 
12d and 12f) for displaying images on the screen in the 
same row in the horizontal (i.e. X) direction. In the illus- 
trated example, image projecting means for displaying 
images of the central row are shown. Fig. 3B is a sche- 
matic side view of the arrangement of the projectors 1 0d 
and 1 0e and reflector 12d shown in Fig. 3A, and Fig. 3C 
is a schematic side view showing the arrangement of 
the projectors 10e and 10f and reflector 12f shown in 
Fig. 3A. Actually, the projectors 10d, 10e and 1 0f are 
disposed such that they overlap each other. 
[0036] In the previous first construction example, a 
certain reflector in the image projecting means partly 
overlap part of the projection area of the other image 
projecting means. In addition, since the projectors have 
a certain size, a case may arise, in which it is difficult to 
have the projected light fluxes from the individual image 
projecting means to be generated from one point. 
[0037] Accordingly, in this example the projectors lOd 
and 10f for displaying the left and right images are dis- 
posed one below the other (i.e., in the vertical direction) 
with respect to the projector 10a for displaying the cen- 
tral image, and the light fluxes emitted from the projec- 
tors 10d and 10f are reflected by the reflectors 12d and 
12f (each of a dual structure). In this way, the projected 
light fluxes reflected by the reflectors 12d and 12f are 
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generated substantially from the same hori7ontal plane 
as the emitted light flux from the projector 10e. 
[0038] In the set of projectors 10a, 10b and 10c and 
the set of projectors 10g, 10h and 10i, like the set of 
projectors 1 0d ; 1 0e and 1 0f : the individual projectors are 
disposed such that they overlap one above another and, 
as in the case of Fig. 2B, tilted in the vertical direction. 
[0039] In this example, since the plurality of projectors 
for displaying images on the screen in the same row in 
the horizontal direction are disposed one above another, 
it is possible to have the projected light flux from the in- 
dividual image projecting means substantially ideally 
generated from one point. 

[0040] Fig. 4 is a schematic view showing a third con- 
struction example of the embodiment. 
[0041] As described before : in the first construction 
example, the part of the reflector of a certain image pro- 
jecting means may produce fog on part of the reflector 
or a different image projecting means. In addition, since 
the individual projectors have a certain size, it is difficult 
to have the projected light fluxes from the individual im- 
age projecting means generated from one point. 
[0042] In this example, in an area of the reflector of a 
certain image projecting moans, in which the light flux 
from an adjacent image projecting means is incident, the 
reflector is accordingly constructed, such that it partly 
transmits light. Specifically, as shown in Fig. 4, a partial 
area H of each of the reflectors 13d and 13f constituting 
the left and right ones of the image projecting means for 
displaying images on the screen 20. in one row in the 
horizontal direction, is a half mirror. More specifically, 
part of the light flux emitted from the central projector 
1 0a, that is incident on the area H p is transmitted through 
the reflectors 13 d and 13f, while part of the light fluxes 
emitted from the left and right projectors 1 0d and 1 0f, 
that is incident on the area H, is reflected by the reflec- 
tors 13d and 13f. Thus, in the area H projected light flux- 
es are attenuated in a predetermined ratio (for instance 
1/2) are combined, and the resultant combined or pro- 
jected light flux is projected onto the screen. 
[0043] In lieu of making the area H to be an optical 
half mirror, the structure of the area H may be made such 
that it has a plurality of small holes, and a reflecting sur- 
face on the side of the left and right projectors 10d and 
1 0f and a shielded surface on the side of the central pro- 
jector 10a. In this case, the reflectors 13d and 13f are 
preferably made to be somewhat thick so that the pro- 
jected light is attenuated to a certain extent while pass- 
ing through the holes. 

[0044] While the above example is shown in connec- 
tion with the horizontal direction, it is possible to adopt 
like structure in connection with the vertical direction. 
[0045] In this example, since a partial area of each 
reflector has a half mirror or like structure, it is possible 
to have the projected light fluxes from the individual im- 
age projecting means substantially ideally generated 
from one point. 

[0046] In the case of image projection onto a" flat 



screen by using a multiple display apparatuses concern- 
ing each of the above construction examples, the image 
projecting means involving the upwardty and down- 
wardly or left-wardly and right-wardfy tilted projected 

5 light flux directions leads to differences of the distances 
of projection to the screen. To cope with such projection 
differences, it is conceivable to provide such means as 
limiting the projection distance differences to be within 
the projector's object field depth or provide an arched 

10 screen having an arched projecting surface. However, 
it is also possible to use the following means (i.e., fourth 
construction example given hereinunder). 
[0047] Fig. 5 is a schematic view showing the fourth 
construction example of the embodiment. Fig. 6 is a 

'5 view showing the scopes of projection of images from 
projectors onto screen. 

[0048] Among the plurality of projectors, any other 
one than the projector for displaying image on the cen- 
tral screen area, i.e., a projector 10 not regularly facing 
20 the screen 20, as shown in Fig. 5, a difference of the 
distance of projection to the screen 20 is produced. 
Therefore, out-of-focus images are displayed on the 
screen 20 in portions thereof out of the object field depth . 
[0049] In this example, the imago generating means 
25 (i.e., liquid crystal panel 15) of the projector 10 is verti- 
cally tiltable by a desired angle from the axis of lens 1 6. 
By tilting the liquid crystal panel 15 (i.e., image surface 
thereof) it is possible to obtain in-focus image display in 
areas other than the central area 20e of the screen 20 
30 as well. (In this case, however, trapezoidal distortion is 
generated in the other areas than the central area 20e). 
[0050] For focus adjustment by adjusting the tilting of 
the liquid crystal panel 15, the adjustment may be per- 
formed automatically with the system as shown in Fig. 
35 5 j although it is possible that the user adjusts the tilting 
by watching the image projected onto the screen 20. 
The automatic tilting adjustment will now be described. 
[0051] An image containing harmonic components of 
dots, resolution analysis chart, etc., is projected from the 
*o projector10ontothescreen20, andthe projected image 
is photographed by a digital camera 51 . A spatial fre- 
quency detecting means 52 measures frequency com- 
ponents of the projected image. According to the result 
of measurement, a calculating means constituted by a 
45 CPU 53 and a memory 54 calculates the tilting angle of 
the liquid crystal panel 15. The calculated tilting angle 
data is fed out to a tilting control means 55 including a 
motor. Receiving the tilting angle data, the tilting control 
means 55 causes tilting of the liquid crystal panel 15. 
50 [0052] As shown, the above system performs an op- 
eration like so-called "mountain climbing AF" which is 
usually employed in cameras. The above sequence of 
operations is performed a certain number of times by 
feed-back so as to tilt the liquid crystal panel 1 5 to obtain 
55 a display containing maximum harmonic components. 
[0053] In the adjustment of the tilting angle of the liq- 
uid crystal panel 15, simultaneous projection of the over- 
lap part of adjacent images may lead to difficulty of judg- 
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ing which projector is in out-of-focus state. Accordingly, 
the individual projectors may be adopted to be adjusted 
sequentially instead of simultaneously adjusting projec- 
tors for projecting images onto adjacent areas. 
[0054] As shown, in this example it is possible to reli- 
ably focus the entire images projected onto the screen 
by tilting the image surfaces of the liquid crystal panels. 
[0055] In the first embodiment as described above, 
trapezoidal distortion is generated in the projection of 
image from image projecting means involving upwardly 
and downwardly or left-wardly and right-wardly tilted 
projected light flux directions. Such trapezoidal distor- 
tion can be corrected by a method disclosed in ; for in- 
stance, Japanese Patent Laid-Open No. 9-326981 . This 
correction method will now be described with reference 
to Fig. 7. 

[0056] The system shown in Fig. 7 largely comprises 
a controller unit 101 . a projector 108 and a digital cam- 
era 109. The digital camera 109 is actually disposed 
near the position of an image-watching person . so that 
it can photograph projected image on the screen. 
[0057] At image setting time, an image switching 
means 106 is switched to project a reference image gen- 
erated in a reference image generator 105 onto the 
screen. The digital camera 1 09 photographs the project- 
ed reference image, and feeds out the obtained image 
data to a parameter calculator 1 04. The parameter cal- 
culator 104 calculates a parameter for determining the 
disposition of projectors. The calculated parameter is 
stored in a parameter memory 103, and read out, when 
desired, to be fed to an image divider/processor 1 02. 
The image divider/processor 1 02 corrects the input im- 
age data by using the read-out parameter, and feed out 
corrected data thus obtained via a D/A converter 1 07 to 
the projectors 108. 

[0058] It is thus possible to correct the trapezoidal dis- 
tortion on the screen with such means. 
[0059] A second embodiment of the present invention 
will now be described with reference to drawings. 
[0060] As described before, in the seamless multiple 
display apparatus an overlap part is generated in adja^ 
cent images projected from the individual projectors on- 
to the screen . A problem is thus posed in that the overlap 
part becomes brighter than the other areas because of 
the incidence of light fluxes from two to four projectors 
on the overlap part. For example, even when a black 
image is projected, the overlap part becomes brighter 
than the other parts because the liquid crystal projectors 
transmit even very slight light. Making electric bright- 
ness correction such that the other parts than the over- 
lap part are substantially at the same brightness level 
as in the overlap part, results in dynamic range reduc- 
tion. 

[0061] As shown in Fig. 8 t in this embodiment the 
above problem is solved by providing a light dose limit- 
ing means 30 for limiting the light dose in the overlap 
part 21 between a plurality of image projecting means 
(i.e., although liquid crystal projectors lOr and 10s in Fig. 



8 actually m X n image projecting means are provided) 
and screen 20. 

[0062] As shown in Fig. 9, the light dose limiting 
means 30 is constituted by a central shielded area 30a 

5 and opposite side gradation areas 30b with transmis- 
sion light dose gradually increasing toward the outer 
side. The gradation areas are constituted by ND (neutral 
density) filters. As shown in Fig. 10, with the provision 
of the such light dose limiting means between the pro- 

10 jectors and the screen, it is possible to uniformalize the 
luminance in the overlap part 21 and the other areas. 
[0063] When the luminance distribution of the project- 
ed light has a characteristic as shown in Fig. 11 , the 
length x of the shielded area 30a and the length of the 

*s gradation areas 30b are given as: 

x = a-c/b, 



y = (b - c)-d/b 

where a is the pupil diameter of the projectors lOr and 
10s, b is the distance from the pupil position to the 
screen, c is the distance from the light dose limiting 
means 30 to the screen, and d is the horizontal overlap 
width of the overlap area. 

[0064] As shown, in this embodiment with the light 
dose limiting means provided between the projectors 
and the screen it is possible to uniformalize the bright- 
ness in the overlap part and the other areas, so that it 
is possible to obtain a multiple display apparatus, which 
can ensure excellent display quality free from pro- 
nounced display in the overlap part. 
[0065] While in the above embodiment the light dose 
limiting means 30 is provided at the crossing point of the 
light fluxes from the projectors lOr and 10s, it is also pos- 
sible to dispose the light dose limiting means on the pro- 
jector side of the crossing point. In this case, two light 
dose limiting means are provided for the respective pro- 
jectors. 

[0066] The gradation characteristic, which may be 
straight slope, may also be a curved line from the con- 
sideration of the matching with the image correction. 
[0067] The light dose limiting means may be obtained 
by means of deposition, printing and painting on a base 
of glass, acrylic acid, etc. It is also possible to obtain the 
means by printing on a film of OHP, acetate, etc. or on 
paper, and applying the printed film or paper shoot on a 
highly transparent base of glass, acrylic acid. etc. 
[0068] Fig. 12 shows a reflective multiple display ap- 
paratus, which is provided for reducing the thickness of 
the apparatus. In this case, a reflector 40 is disposed 
between the projector 1 0 and screen 20. A light dose 
limiting means having a shielded area and gradation ar- 
eas may also be provided on the reflector 40. In this 
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case, the distance between the screen 20 and the re- 
flector 40 varies with the position of reflection, and the 
sizes of the shielded and gradation areas are varied. 
[0069] The light dose limiting means may be consti- 
tuted solely by the shielded area and the gradation ar- 
eas constituted by the HO filters as shown in Fig. 9. In 
this case, however, if ends of the ND filters are found in 
the screen, a problem of diffraction or the like may arise. 
Accordingly, it is possible to form a shielded area and 
gradation areas by printing or like means on a transpar- 
ent sheet of such size as to cover the full screen. 
[0070] As has been described in the foregoing, ac- 
cording to the present invention the overlap part of ad- 
jacent images may be made non-pronounced, and it is 
thus possible to obtain a multiple display apparatus ca- 
pable of ensuring excellent display quality. 
[0071] Changes in construction will occur to those 
skilled in the art and various apparently different modi- 
fications and embodiments may be made without de- 
parting from the scope of the present invention. The 
matter set forth in the foregoing description and accom- 
panying drawings is offered by way of illustration only. 
It is therefore intended that the foregoing description be 
regarded as illustrative rather than limiting. 

Claims 

1. A multiple display apparatus for displaying an im- 
age with projection of a plurality of images from a 
plurality of image projecting means onto a screen, 
wherein: 

the plurality of image projecting means are 
disposed such that their images are projected sub- 
stantially from one point onto the screen. 

2. A multiple display apparatus for displaying an im- 
age with projection of a plurality of images from a 
plurality of image projecting means onto a screen, 
and the plurality of image projecting means are dis- 
posed such that their images are projected substan- 
tially from one point onto the screen and adjacent 
areas of images projected from the plurality of im- 
age projecting means onto the screen overlap one 
another. 

3. A mulliple display apparatus for displaying an im- 
age with projection of a plurality of images from a 
plurality of image projecting means onto a screen, 
wherein: 

the plurality of image projecting means are 
disposed such that their images are projected sub- 
stantially from one point onto the screen and the im- 
age projecting means include image emitting 
means for emitting light fluxes of images to be pro- 
jected onto the screen and reflecting means for re- 
flecting the projection light fluxes emitted from the 
image emitting means toward the screen. 



4. A multiple display apparatus for displaying an im- 
age with projection of a plurality of images from a 
plurality of image projecting means onto a screen, 
and the plurality of image projecting means are dis- 
posed such that their images are projected substan- 
tially from one point onto the screen, adjacent areas 
of images projected from the plurality of image pro- 
jecting means onto the screen overlap one another 
and the image projecting means include image 
emitting means for emitting light fluxes of images to 
be projected onto the screen and reflecting means 
for reflecting the projection light fluxes emitted from 
the image emitting means toward the screen. 

5. The multiple display apparatus according to claim 
3 or 4, wherein: 



those of the plurality of image projecting means 
for projecting images onto the screen in the 

20 same row in horizontal direction are disposed 

horizontally, whereby images of light fluxes 
emitted from horizontally arranged predeter- 
mined image emitting means are projected via 
the reflecting means onto the screen in a prc- 

25 determined area of the same row in horizontal 

direction; and 

those of the plurality of image projecting means 
for projecting' images onto the screen in the 
same column in vertical direction are disposed 

30 vertically, whereby images of light fluxes emit- 

ted from vertically arranged predetermined im- 
age emitting means are projected via the re- 
flecting means onto the screen in a predeter- 
mined area of the same column in vertical di- 

35 rection. 

6. The multiple display apparatus according to claim 
3 or 4, wherein: 

40 those of the plurality of image projecting means 

for projecting images onto the screen in the 
same row in horizontal direction are disposed 
vertically, whereby images of light fluxes emit- 
ted from vertically arranged predetermined im- 

45 age emitting means are projected via the re- 

flecting means onto the screen in a predeter- 
mined area of the same row in horizontal direc- 
tion; and 

those of the plurality of image projecting means 
50 for "projecting images onto the screen in the 

same column in vertical direction are disposed 
vertically, whereby images of light fluxes emit- 
ted from vertically arranged predetermined im- 
age emitting means are projected via the re- 
55 fleeting means onto ther screen in a predeter- 

mined area of the same column in vertical di- 
rection. ,! ' 
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The multiple display apparatus according to claim 
3 or 4 r wherein an area of the reflecting means of 
an image projecting means, on which the light flux 
projected from an adjacent image projecting means 
onto the screen is partly incident, is constructed s 
such as to transmit part of the incident light. 

A multiple display apparatus for displaying an im- 
age with projection of a plurality of images from a 
plurality of image projecting means onto a screen, 10 
wherein: 

the plurality of image projecting means are 
disposed such that their images are projected sub- 
stantially from one point onto the screen, the plural- 
ity of image projecting means each include an im- is 
age generating means for generating an image to 
be projected onto the screen, and a lens provided 
between the image generating means and the 
screen and those of Ihe plurality of image projecling 
means, which do not regularly face the screen, are 20 
constructed such that the image surfaces of their 
image generating means are tillable in vertical di- 
rection with respect to the lens axis. 



gle of the image surface of the image generat- 
ing means on the basis of the detection result 
by the detecting means: and 
a tilting control means for causing tilting of the 
image surface of the image generating means 
on the basis of the tilting angle obtained by in 
the computing means. 

12. A multiple display apparatus for displaying an im- 
age with projection of images from a plurality of im- 
age projecting means onto a screen, wherein: 

a light dose limiting means for limiting the light 
dose in an overlap area of the images projected 
from the plurality of image projecting means onto 
the screen, is provided between the image project- 
ing means and the screen. 

13. The multiple display apparatus according to claim 
1 2, wherein Ihe light dose limiting means has areas, 
in which transmitted light dose increases gradually 
from a point to another. 



A multiple display apparatus for displaying an im- 25 
age with projection of a plurality of images from a 
plurality of image projecting means onto a screen, 
and the plurality of image projecting means are dis- 
posed such that their images are projected substan- 
tially from one point onto the screen and adjacent 30 
areas of images projected from the plurality of im- 
age projecting means onto the screen overlap one 
another, wherein: 

the plurality of image projecting means each 
include an image generating means for generating 35 
an image to be projected onto the screen, and a lens 
provided between the image generating means and 
the screen, and those of the plurality of image pro- 
jecting means, which do not regularly face the 
screen, are constructed such that the image surf ac- 40 
es of their image generating means are tiltable in 
vertical direction with respect to the lens axis. 



0. The multiple display apparatus according to claim 
8 or 9, wherein in the focus adjustment of the imag- 
es projected from the image projecting means onto 
the screen by adjusting the lilting angles of the im- 
age surfaces, no image is projected from the image 
projecting means adjacent to the image projecting 
means under adjustment onto the screen. 50 

1. The multiple display apparatus according to claim 
8 or 9, which further comprises: 



detecting means for detecting a spatial fre- ss 
quency from an image obtained by photograph- 
ing the image projected onto the screen; 
a computing means for obtaining the tilting an- 
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